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(57) Abstract 



A simulated laser light system includes a light source (1, 51, 81) which emits substantially parallel light rays and a prismatic element 
(29) having a plurality of prismatic surfaces (27). The prismatic surfaces (27) define a curved surface either on the inside or the outside 
of the prismatic element (29). The prismatic surfaces (27) redirect the light rays emitted from the prismatic element (29) in a plurality of 
planes which are perpendicular to a tangent to said curved surface. The simulated laser light system appears to emit light from a centerline 
of the prismatic element (29) when the light is actually emitted from an exterior surface of the prismatic element (29). 
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OPTICAL LIGHT PIPES WITH LASER LIGHT APPEARANCE 

FIELD OF THE INVENTION 

The field of the invention relates to optical light pipes and more 
specifically to optical light pipes that give the appearance of a laser beam being 
emitted axially within the light pipe. 

BACKGROUND OF THE INVENTION 

There have been several different types of optical light pipes developed in 
the past. In general, these prior art light pipes either emit light out of the end of 
the light pipe or emit light across the entire surface of the light pipe. 

Orcutt, U.S. Patent No, 4,422,719, discloses a light pipe with a 
translucent coating over a core material which allows the light which is 
transmitted axially to be dispersed radially around the light pipe. This 
translucent layer causes multiple random reflections which causes the entire 
width of the light pipe to be illuminated. 

In U.S. Patent No. 4,466,697, by Daniel, another type of construction of 
light pipe is disclosed. This light pipe consists of an extruded material and 
deposited within that material are co-extruded reflective particles. These 
particles randomly reflect the light and again as in Orcutt, there is no pattern to 
the light distribution. The light emitted from this prior art light pipe is also 
totally random and consequently the entire light pipe is illuminated. 

In U.S. Patent No. 4,195,907, Zamja, et ah, there is disclosed an 
extruded optical fiber which contains dispersed air bubbles co-extruddd Avithin 
the fiber. These air bubbles inherently have a different index of refraction than 
that of the surrounding material thus they provide reflective surfaces similar to 
what is attained in Daniel with his reflective particles. Zamja' s light pipe, as in 
Daniel, utilizes reflective surfaces that are randomly aligned and are not oriented 
in any manner. Because of the random orientation of the reflective surfaces, the 
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reflection of the light transmitted axially down the fiber is also random and 
consequently the entire fiber is illuminated. 

In U.S. Patent No. 3,535,018, Vasilatos, there is disclosed an optical 
fiber which has notches cut into the fiber in order to provide reflective surfaces. 
5 These notches are positioned in a random manner and consequently there is no 
orientation of the emitted light coming from the fiber. Again, as in Daniel and 
Zamja, this causes the entire fiber to be illuminated across its entire width. 

U.S. Patent No. 5,671,306 describes a lighting structure for intensely 
illuminating a narrow linear region through a longitudinal slit in a lightguide. 
10 The lightguide has a reflective internal surface and a lens mounted in a slit 
shaped aperture. The lens includes a plurality of parallel planar prisms for 
directing light out of the lightguide, however, light is emitted only from the 
longitudinal slit in this device. 

Considerable prior art may be seen in several US patents to Whitehead, 
15 starting with U.S. Patent No. 4,260,220. There are several design features 
which repeat in the Whitehead prior art. In Whitehead's light pipes, the light 
pipes are primarily designed to efficiently transmit light down the light pipe with 
minimal losses. This is achieved by constructing a light pipe from a sheet of 
material containing prismatic surfaces which are aligned parallel to the axis of the 
20 light pipe. These features reflect and redirect the axially transmitted light by 
explotation of the principal of total internal reflection. Whitehead describes 
these prismatic surfaces as being in octature due to their construction consisting 
of a series of 90 degree prism faces which face each other. The light pipes in 
Whitehead go to great lengths to achieve near 100% efficient transmission of the 
25 axially transmitted light. In order to achieve this the prismatic elements are 

designed to reflect as much light as possible and not to redirect and transmit it, as 
in my invention. In U.S. Patent No. 5,481,637, Whitehead does disclose a light 
source reflector for a diffuse light source located within another light pipe. This 
reflector is constructed with prismatic surfaces aligned perpendicular to both the 
30 axis of the light pipe and the axis of the light source, but as in his other designs 
the prismatic surfaces are utilized for efficient reflection within the light pipe not 
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transmission of the light radially out of the light pipe. In addition, in U.S. Patent 
No. 5,481,637 the prismatic reflector surrounds a diffuse light source which is a 
fluorescent type light source. The purpose of the prismatic reflector is to reflect 
the diffuse light rays from the light source light down the axis of the light pipe 

5 and prevent any radial emission of light. As before, the prismatic surfaces are in 
octature in order to efficiently reflect the light and prevent any light from passing 
radially through the prismatic surfaces of the light pipe. 

In all of the Whitehead prior art no reference is made to the appearance of 
the light emitted from the light pipe. Whitehead is primarily concerned just with 

10 the efficient axial transportation of light not it's distribution or appearance to a 
observer. 

The present invention, on the other hand, consists of an optical light pipe 
with oriented prism surfaces. These prism surfaces are oriented generally 
perpendicular to the axis of the light pipe. These prism surfaces act in 

15 conjunction with another media, such as air, to cause the axially directed light 
from the light source to be redirected out to the side. Because of the controlled 
orientation of the prisms and the controlled manner in which the light is axially 
directed down the light pipe, there is a plane of light that is visible to an 
observer. This plane of light appears as a very narrow line of light much smaller 

20 than the width of the prismatic surfaces of the light pipe. Because this narrow, 
very intense plane of emitted light is visible to the observer, this light appears as 
if it is axially transmitted from the light source. Due to the curvature of the 
prismatic surfaces, only this plane of light which appears to be at the center of 
the light pipe is apparent to the observer. This gives the observer the impression 

25 that the light from the light pipe is emitted axially within the light pipe," not 

radially from the surface, as is actually the case. It is this phenomenon that gives 
my invention the appearance of a laser beam transmitted through a medium inside 
the light pipe. 
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SUMMARY OF THE INVENTION 

A simulated laser light system according to the invention consists of an 
optical light pipe which emits light rays in a substantially radial direction. These 
light rays are emitted perpendicular to a tangent of the curved prismatic surface 
5 of the light pipe. In addition, these emitted light rays lie in a plane formed by the 
incident light ray and the normal to the prismatic surface of the light pipe. The 
emitted light from the light pipe appears to an observer to be a beam of highly 
collimated light emitted axially down the light pipe. This apparent co-axial beam 
of light located within the light pipe is created by a combination of physical 
10 optical effects and an optical illusion. The optical effects consist of the reflection 
and refraction of light rays originating from an axially located light source which 
emits substantially parallel light rays axially down the light pipe. These light 
rays are redirected by prismatic surfaces radially outward in a plane which is 
defined by the incident light ray and the normal to the prismatic surface of the 
15 light pipe. The prismatic surfaces redirect the light rays by a combination of 
reflection and refraction of the light rays within the specially constructed light 
pipe. The emitted light rays are uniform in all radial directions although they 
may vary in intensity and direction along the length of the light pipe. Due to the 
radially emitted light always appearing to be centered in the light pipe regardless 
20 of the observers location, the observer interprets this as the visible light 

originating from the center of the light pipe. This is an optical illusion due to the 
observer having binocular vision and incorrectly interpreting what he sees. In 
actuality the visible light is emitted from the surface of the light pipe. 

The simulated laser light system, hereinafter referred to as SLLS, relies 
25 on an optical characteristic where the incident ray, the reflected ray, the refracted 
ray and the normal to the surface all lie in the same plane. In my SLLS, the light 
rays emitted from a light source are transmitted in a generally axial direction 
along the optical center line of a prismatic element. When these light rays strike 
the prismatic surfaces which posses a different index of refraction than the 
30 adjacent material, the light rays are both reflected and refracted. In all cases, 
either refraction or reflection, the light rays remain in the same plane as the 



-4- 



# 



WO 98/53348 



PCT/US98/09897 



10 



15 



20 



25 



incident light rays and the normal to the surface of the prismatic element. When 
the light rays finally emerge from the prismatic element, they emerge in a 
direction which is perpendicular to the tangent of the surface of the prismatic 
element. Despite being reflected and refracted the light rays still lie in the same 
plane as the incident ray, reflected rays and the refracted rays. It is this property 
that gives the SLLS its unique characteristic appearance of a laser beam traveling 
inside a rod or tube. For proper operation, the reflection and refraction inside 
the prismatic element should be specular, i.e., nondiffuse, otherwise, the emitted 
light rays will not have the characteristic appearance of a laser beam. If specular 
reflection and refraction is not maintained, multiple uncontrolled reflections and 
refractions will occur and the emitted light rays will not lie in the same plane as 
the incident rays. When this occurs, the emergent light rays will not have the 
appearance of a laser beam, i.e., a coherent highly collimated line of very intense 
light. Random orientation of the emitted light from the prismatic element will 
illuminate its entire width and thus it will not have the appearance of light 
emitted axially down the light pipe, rather, it will have the appearance of a neon 
or flourescent light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in greater detail with reference to the 
preferred embodiments illustrated in the accompanying drawings, in which like 
elements bear like reference numerals, and wherein: 

FIG. 1 is a side view partially in cross section of a hollow tube simulated 
laser light system (SLLS); 

FIG. 2 is side view of a solid rod SLLS; 

FIG. 3 is a side view of a light source illustrating a cone of emitted light 
rays emanating from the light source; 

FIG. 4 is a cross sectional side view of a hollow tube SLLS illustrating 
the nomenclature used for defining the prismatic surfaces; 

FIG. 5 is a side view of a solid rod SLLS rod illustrating the 
nomenclature used for defining the prismatic surfaces; 
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FIG. 6 is an optical system with the light source located in an optically 
denser medium, illustrating a light ray undergoing reflection and refraction; 

FIG. 7 is an optical system with the light source located in an optically 
less dense medium, illustrating a light ray undergoing reflection and refraction; 
5 FIG. 8 is a cross sectional side view of a solid rod SLLS illustrating the 

light rays originating from the light source and their subsequent reflection, 
refraction and emission from the SLLS; 

FIG. 9 A is a cross sectional side view of an SLLS tubular assembly; 
FIG. 9B is a schematic cross sectional side view of an SLLS tubular 
10 assembly illustrating how the figures will be drawn in this patent application in 
order to clarify the illustrations; 

FIG. 10A is a cross sectional side view of an SLLS illustrating several 
different light ray paths, with light originating from a light source at one end of a 
prismatic element and a reflective end portion; 
15 FIG. 10B is a cross sectional side view of the SLLS of FIG. 10A without 

the reflective end portion; 

FIGS. 11 A, 11B, and 11C are cross sectional side views of a portion of 
an SLLS prismatic element and the different light path scenarios corresponding to 
three different incident angles of light directed down the axis of the prismatic 
20 element; 

FIG. 12 is a perspective view partially in cross section of a tubular SLLS 
prismatic element illustrating the light rays emerging from the surface of the 
prismatic element and a plane that is defined by the incident light rays and a line 
tangent to the surface of the prismatic element; 
25 FIG. 13 is a perspective view of a planar prism array and the light emitted 

from the planar prism array; 

FIG. 14A is a perspective view of a prior art light pipe and its 
corresponding appearance to outside observers; 

FIG. 14B is a perspective view of the SLLS and its corresponding 
30 appearance to outside observers; 
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FIGS. 15A, 15B, and 15C are graphs illustrating three different 
characteristic curves of spatial light distribution versus relative intensity for three 
different light sources; 

FIGS. 16A, 16B, 16C, and 16D illustrate four different SLLS assemblies 
5 which utilize three different light source types and one different end 
configuration of the prismatic element; 

FIGS. 17A, 17B, and 17C are side views of three different light source 
configurations for an SLLS assembly, FIG. 17A has a single light source located 
at one end, FIG. 17B has a single light source located at one end and has a 
10 retroreflective element located at the opposite end, and FIG. 17C has two light 
sources, one located at each end; 

FIG. 18A is a side view of an SLLS assembly consisting of a prismatic 
tubular element, a light source at one end, and an optional reflecting element at 
the opposite end from the light source; 
15 FIG. 18B is a side view of an SLLS assembly consisting of a prismatic 

tubular element, a single light source located at one end, and a retroreflective 
element located at the opposite end from the light source; 

FIG. 18C is a side view of a tapered prismatic tube SLLS having a single 
light source located at the opposite end from the narrowest portion of the taper; 
20 FIG. 18D is a side view of a prismatic tube SLLS with a light source 

located at each end; 

FIG. 19A is a side view of a SLLS prismatic element array; 
FIG. 19B is a partial cross sectional view of the SLLS prismatic element 
array shown in FIG. 19A, illustrating a single light source emitting light rays 
25 into two of the four prismatic assemblies; 

FIG. 20A is a top view of an SLLS prismatic element array forming an 
alphanumeric display; 

FIG, 20B is a top view of an SLLS prismatic element array which forms 
an alphanumeric display manufactured from sheets of planar material; 
30 FIGS. 21A, 21B, and 21C are side cross sectional views of alternate 

embodiments of an SLLS prismatic element; 
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FIG. 22 is a side cross sectional view of the SLLS of FIG. 21C 
illustrating the optical light path of an SLLS assembly with a tapered inner core 
and a light source located at one end; 

FIGS. 23 A and 23B illustrate a manufacturing method which can be 
5 utilized to manufacture an SLLS prismatic element; 

FIG. 24A illustrates another manufacturing method that can be used to 
manufacture a prismatic element by forming the prismatic element in a female 
mold; 

FIG. 24B illustrates an optional covering for the prismatic element 
10 manufactured in FIG. 24A; 

FIGS. 25 A, 25B, and 25C illustrate manufacturing steps for 
manufacturing an elastomeric prismatic element with internal prismatic surfaces; 

FIGS. 26A, 26B, and 26C illustrate another manufacturing process for 
creating an elastomeric prismatic element with internal prismatic surfaces; 
15 FIG. 27A illustrates another manufacturing method for manufacturing a 

prismatic element with internal prismatic surfaces; 

FIG. 27B illustrates an assembly of three of the prismatic elements shown 
in FIG. 27A, telescoped together to form a larger prismatic element; and 

FIG. 28 is a top view of a toy application of an SLLS. 



20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 illustrates in partial cross section, a first embodiment of a 
simulated laser light system (SLLS) according to the present invention. An 
SLLS assembly 9 includes a light source 1 and a prismatic element in the form of 
a tube. The prismatic element includes a wall 7 with an outer surface 3 and an 

25 inner prism surface 12. The visible emitted light appears to be emitted from a 
center 5 of the prismatic element. A partial cross sectional portion of FIG. 1 
illustrates the wall 7 and an inner optical material 4. Also shown in FIG. 1 is the 
nomenclature that will be used to identify the important features of an SLLS. 
The outer diameter of the prismatic rod is identified with the letter D and the 

30 inner diameter of the prismatic rod is identified with the letter I. The width of 
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the emitted visible light is identified with the letter E and the length of the 
prismatic tube is identified with the letter L. 

FIG. 2 illustrates the components of an alternative embodiment of the 
SLLS utilizing a rod like prismatic element 29 and a light source 21. The 
5 prismatic surfaces 27 are formed on the outside surface of the prismatic element. 
The light appears to be emitted from a center 25 of the prismatic element 29. As 
in FIG. 1, also shown is the nomenclature that will be used to identify the 
features of an SLLS. The outer diameter of the prismatic rod is identified with 
the letter D, the width of the emitted visible light is identified with the letter E, 
10 and the length of the prismatic rod is identified with the letter L. 

FIG. 3 illustrates a light source and its corresponding cone of emitted 
light, this is generally shown at 39. The light source 31 emits light in a cone of 
emitted light at angle 37. The half angle 33 of the cone of emitted light is 
measured from an optical centerline 35 of the light source. 
15 Preferably, the light source 31 for use in the present invention emits a 

colored light, such as, red, green, or the like. The colored light source creates 
the appearance of a laser light with a diameter E which is less that an outer 
diameter D of the prismatic element. Preferably, the diameter E of the viewed 
light is less than one half of the diameter D of the prismatic element. 
20 FIG. 4 illustrates the nomenclature that will be utilized to describe 

additional features of a tube like SLLS. FIG. 4 shows an SLLS assembly 49 
including a light source 41 and a prismatic element 42 having a series of 
prismatic surfaces 43. The helix angle "a" of the prismatic surfaces is measured 
from the perpendicular to the optical center line. The helix angle a" shown is 
25 approximately zero degrees. The pitch or spacing between the prismatic surfaces 
is identified as "P\ The height of the prismatic surfaces are identified as H. A 
retroreflective feature 45 is located at the end of the prismatic element 49. 

FIG. 5 illustrates the nomenclature that will be utilized to describe 
additional features of a rod like SLLS including a light source 51 and a prismatic 
30 element 52 having a series of prismatic surfaces 54. The helix angle V of the 
prismatic surfaces 54 is measured from a line perpendicular to the optical center 
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line 56. This angle "a" is shown greater than zero degrees in the embodiment of 
FIG. 5. The pitch or spacing between the prismatic surfaces is identified as "P". 
The height of the prismatic surfaces are identified as H. A retroreflective feature 
55 is located at the end of the prismatic element 52. 

The retroreflective elements 45, 55 illustrated in FIGS. 4 and 5 reflect the 
light rays back into the prismatic elements. The retroreflective elements may 
also be omitted to produce a SLLS which emits a column of light out an end of 
the prismatic element increasing the simulated laser appearance of the device. 

FIG. 6 shows a reflective and refractive optical system including a light 
source 61 located in an optically dense medium 62. The normal to the surface of 
the optically dense medium 62 is shown at 63. An emitting surface is shown at 
64. The incident ray is shown at 65. The emergent refracted ray is shown at 66. 
The internally reflected ray is shown at 67. An additional prismatic surface is 
shown at 68. As can be seen in FIG. 6, incident light ray 65, is both refracted 
and reflected when it passes from optically dense medium into a less optically 
dense medium 69 having a lower index of refraction than the optically dense 
material 62. The angle of the incident light ray 65 with respect to the normal 
line 65 is identified with the letter El. The angle of the emergent ray 66 is 
identified with the letter E2. As is well understood, the angle E2 may be 
calculated by applying the standard formulas for geometrical optics. These 
formulas may be found in "Basic Optics and Optical Instruments, Revised 
Edition" 1997, Published by Dover Publications, Inc. Mineola, New York which 
is incorporated herein by reference. As can be seen in FIG. 6, the emergent light 
ray 66 is refracted away from the normal to the surface 63. FIGS. 6 and 7 
illustrate an optical principal used in the present invention, this principal is that 
the incident light ray 65, the reflected ray 67, and the normal 63 all lie in the 
same plane, i.e., the plane of the drawing. This phenomenon is utilized in the 
present invention. 

FIG. 7 illustrates another optical system in which a light source 71 is 
located in an optically less dense medium 79. The optically dense medium 72 
abuts the optically less dense medium and the normal to the surface of the 
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optically dense material is shown at 73. The emergent surface is identified at 74 
and the incident light ray is shown at 75. The refracted light ray is shown at 76 
and the corresponding reflected ray is shown at 77. An additional prismatic 
surface is identified at 78. As in FIG. 6, the incident angle of the light ray is 
labeled El and the angle of the refracted ray is labeled as E2. In contrast to the 
refracted light ray shown in FIG. 6, the refracted light ray of FIG. 7 identified at 
76 is refracted towards the normal 73 rather than away from the normal as in 
FIG. 6. In accordance with the law of reflection, the incident ray 75, the 
reflected ray 77, and the normal 73, all lie in the same plane, i.e., the plane of 
the drawing. 

FIG. 8 illustrates a cross sectional view of a rod type SLLS assembly 80. 
The light source 81 is shown emitting light rays which undergo reflection and 
refraction and are eventually emitted from the SLLS. There are many different 
possible light paths shown, all of which will result in emitted light rays from the 
SLLS. This light emission can be the result of a single reflection and refraction 
event as shown with forward emitted light rays 82, 83, 84, and 85. The emitted 
light rays may have also undergone multiple reflections, such as that shown by 
light ray 90, which finally emerges as light rays 86 and 88. Additionally shown 
is light ray 87, which is a reflected portion of light ray 90. Another possible 
multiple reflection path is illustrated with light ray 91 which originates from light 
source 81 and is eventually emitted as light ray 92 after it is retroreflected due to 
surfaces 94 and 95. As can be appreciated the included angle 98 between the 
prismatic surfaces 96 and 97 influences how many times the light rays of an 
SLLS are reflected prior to being emitted from the prismatic element. For a 
prismatic element having an index of refraction of 1.60 with a surrounding 
medium 89 of air with an index of refraction of 1.0, if the angle between the 
prism faces 98 is large, for example 140 degrees, the emitted light will consist of 
light rays that have only undergone a single reflection such as rays 82, 83, 84 
and 85. This will result in a highly directional viewing angle and the majority of 
the emitted light will be in a direction away from the light source. With the 
addition of a retroreflective feature such as that consisting of surfaces 94 and 95, 
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the light rays reflecting off the retroreflective surfaces can be reversed in 
direction relative to the optical centerline 100, and reflected, refracted and finally 
emitted as shown at light ray 92. This utilization of a light ray in combination 
with a retroreflective feature in this manner will have the effect of increasing the 
viewing angle of the SLLS. 

FIG. 9A illustrates a hollow tube SLLS 102 with a light source 101, a 
prismatic element 104 and a retroreflective end portion 103. In order to clarify 
the drawings, some of the lines illustrating the features of the prismatic element 
will be omitted. Thus, the SLLS shown in FIG. 9A will be drawn as shown in 
FIG. 9B in order to facilitate illustrating the light ray paths within the prismatic 
element. 

FIG. 9B illustrates the prismatic tube SLLS 106 of FIG. 9A including the 
prismatic tube 107, the light source 111, and the retro-reflective end portion 107. 

FIG. 10A illustrates some of the possible reflection and refraction events 
that will result in light being emitted from a hollow tube prismatic element SLLS 
113. The SLLS assembly 113 includes the light source 112, a prismatic element 
120, and a reflective end portion 132. Light ray 114 is a light ray originating 
from light source 112 which is reflected off a prismatic surface resulting in light 
rays 115 and 117. After passing through the prismatic element, light ray 115 is 
emitted as shown as light ray 116. The reflected ray 117, originating from ray 
114 is also refracted as shown as light ray 118. Finally, this refracted ray 118 
emerges from the surface of the prismatic element and is shown as ray 119. Ray 
124 is shown refracting through the prismatic element and emerging as ray 125. 
Also shown is ray 127 originating from light source 112. Ray 127 is refracted 
through reflective end portion 132, reflects off surface 131, is then additionally 
reflected off surface 130 and finally emerges from the surface of the prismatic 
element as emitted ray 135. The optical axis of the SLLS is shown at 133. 

As discussed with reference to FIG. 8, if the SLLS is designed to utilize 
redirecting the light rays with a single refraction and/or a single reflection event, 
the emitted light will be highly directional. In other words, the emitted light will 
be highly oriented relative to the central optical axis of the SLLS. The emitted 
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light will still lie in a plane defined by the incident light ray and the normal to the 
prismatic surface of the SLLS, but the emitted light rays will all be directed in 
the same direction relative to the central optical axis of the light pipe. This 
situation is acceptable when the observer's line of sight is always located at the 
same angle relative to the axis of the light pipe. But in situations where the 
observer is in varying locations relative to the axis of the light pipe, it is 
desirable to increase the viewing angling of the emitted light. It is possible to 
increase the viewing angle by several methods. 

One method of increasing the viewing angle is to utilize the emitted light 
from two light sources located at opposite ends of the SLLS. See FIG. 18D 
which will be discussed later in detail. By utilizing light traveling in opposite 
directions in the SLLS and by designing the angle of the emergent light from the 
light pipe to be at an angle other than 90 degrees to the light pipe axis, it is 
possible to increase the viewing angle. The combination of the emitted light 
from two light sources interacting with the prismatic surfaces which emit light in 
a direction other than 90 degrees relative to the axis of the light pipe combine to 
give a wider viewing angle. The resultant viewing angle will be the combination 
of the two viewing angles created by the two light sources. The two light 
sources may either be two individual light sources or may be a single light source 
in combination with a reflective feature located at the opposite end of the light 
pipe. This reflective feature would be utilized to reflect light back down the light 
pipe in a direction opposite to the original direction. This is shown in FIGS. 8 
and 10. This reflection and redirection back towards the original light source is 
defined as retroreflection. The reflective feature utilized for retroreflection may 
be a simple mirror, a reflective coating, or a retroreflective element which 
utilizes the principal of total internal reflection of light with appropriately angled 
transparent surfaces (see FIGS. 10A and 18A). A retroreflective element which 
utilizes the principal of total internal reflection is easily incorporated in the 
prismatic element itself as shown in FIGS. 4 and 5. It may be desirable to 
retroreflect the light rays slightly off axis of the incident light ray to achieve 
greater or lesser light output in a specific area of the light pipe. 
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FIG. 10B illustrates a hollow pipe SLLS without a retroreflective element 
on the end opposite the light source 112. As shown in FIG. 10B, the some of the 
light rays are reflected, refracted, and emitted from the sides of the prismatic 
element 120 as light rays 116, 119, 121, and 125 while light rays 127 and 128 
5 which are substantially parallel to the center axes 133 of the prismatic element 
are emitted in a beam from the end of the prismatic element. In this manner the 
prismatic element acts as a filter to extract non-parallel light rays. The remaining 
substantially parallel light rays form a highly collimated beam emitted from the 
end of the prismatic element. 
10 Another method of increasing the viewing angle is to cause multiple 

reflections within the prismatic element in order to increase the variation in the 
incident angles of the light rays striking the prismatic surfaces. The effect of 
varying the light ray incident angles on the direction of the emitted light rays is 
shown in FIGS. 11 A, 11B, and 11C. FIG. 11A illustrates a portion of a 
15 prismatic element with optical center line 148, incident ray 141. Incident ray 

141 is shown having multiple optical paths. The wall of the prismatic element is 
also a reflective surface at 146. As is shown in the FIG. 11 A, a portion of ray 
141 is reflected and is shown as ray 147. Ray 147 is further refracted and 
reflected, finally emerging as rays 144 and 145. Shown in FIG. 11A is an 
20 incident light ray 141 with an angle relative to the optical centerline 148 of 
approximately 45 degrees. From this single incident light ray, four different 
light rays with four different emergent angles are generated. These four 
differently directed light rays are shown at 142, 143, 144 and 145. In addition to 
increasing the viewing angle with the large number of reflection and refraction 
25 events shown in FIG. 1 1 A, the quality of the specular nature of emitted light 
maybe sacrificed. The reason for the degradation in the specular nature of the 
emitted light is due to slight imperfections in the construction of the prismatic 
surfaces and the degree of transparency of the materials used in the construction 
of the prismatic element 149. The result of these multiple reflections and 
30 refractions is not only to broaden the viewing angle but it may also act to broaden 
the apparent width of the emitted light from the prismatic element. 
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Shown in FIG. 11B is the resulting reflections, refractions and ultimate 
emergence of light rays which originate from a incident light ray 151. Incident 
ray 151 is at an incident angle of approximately 20 degrees relative to the optical 
center line 158 of the prismatic element 150. Incident ray 151 is reflected and 
5 emerges as ray 153. Light ray 151 is also refracted and reflected and emerges as 
ray 152. Light ray 151 is additionally refracted and then finally emerges as ray 
154. As can be seen in FIG. 11B, the number of reflection and refraction events 
which occur prior to the emergence of light rays 152, 153 and 154 is 
dramatically reduced from that shown in FIG. 11 A. The corresponding 
10 appearance of an SLLS utilizing light rays with this incident angle would be 
similar to that shown in FIG. 16B at 236. 

Shown in FIG. 11C is incident light ray 161 which is at an angle relative 
to the optical axis 168 of approximately 7 degrees. As can be seen in FIG. 11C, 
this incident ray results in two emitted rays 162 and 163. As previously 
15 mentioned, the greater the number of reflection and refraction events that occur 
within the prismatic elements, the more diffuse, i.e. less specular is the emitted 
light and the less well defined is the apparent laser beam effect. Thus, the light 
ray in FIG. 11C would provide the most well defined apparent laser beam effect. 
FIGS. 11 A, 11B, and 11C illustrate the multiple reflections and refractions that 
20 can occur in a prismatic element. What is important is that all of these multiple 
reflections and refraction all occur in the same plane. In FIGS. 11 A, 11B, and 
11C, despite multiple reflections and refractions, all of these light rays lie in the 
same plane. 

As can be appreciated, the angle of any emitted light rays are not only 
25 determined by the incident angle of the incident light rays, but also are 

determined by the angle of the prismatic surfaces and the angle of the emergent 
surface relative to the optical axis. In addition to these factors, the angle of the 
emitted light ray is also influenced by the index of refraction of the materials 
used in the prismatic element and the index of refraction of the surrounding 
30 medium. The intensity of any given emergent light ray will be governed by how 
many times it is reflected, refracted and essentially divided into two or more light 
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rays. Thus, the intensity of the emergent light rays 162 and 163 shown in FIG. 
11C would be greater than either of those shown in FIG. 11 A. The intensity of a 
light ray will decrease due to absorption losses in the material making up the 
prismatic element. The intensity of the emitted light rays will also decrease with 
5 the increasing number of reflections occurring within the light pipe prior to being 
emitted. Because of these factors, the brightest most well defined simulated laser 
light appearance is obtained with light ray angles which are small relative to the 
optical axis of the light source, similar to those shown in FIG. 11C. 

FIG. 12 illustrates how the incident light rays and the emitted light rays of 
10 an SLLS can all lie in the same plane. Shown in FIG. 12 is a partial cross 

section of a circular prismatic element 171, with an optical center line 185. A 
group of incident light rays is shown generally at 170 and a group of emitted 
light rays is shown generally at 186. The incident light rays 170, enter the 
circular prismatic element and strike the internal prismatic surfaces 180 and are 
15 reflected and refracted and finally emitted as shown at 186. These incident rays, 
the reflected and refracted rays (not shown) and finally the emitted light rays all 
lie in the same plane which includes the centerline 185. This plane is shown with 
dashed lines at 173. To an outside observer, the light rays in this plane appear as 
a single line of light, shown at 183. Emergent light rays 186 are from the 
20 surface of the prismatic element 179 perpendicular to a tangent to the surface of 
the tube. This tangent to the surface of the prismatic element is shown at 175. It 
is not apparent to an observer that the light rays are actually coming from the 
surface of the prismatic element, to the contrary, to the observer, they appear to 
be coming from the center of the prismatic element itself. The cross section of 
25 the circular prismatic element is shown at 180. A point on the visible line of 
light apparent to an observer is shown at 181. Plane 173 passes through the 
optical center line 185 and a point on the visible line 181. As previously stated 
the incident light rays 170, the refracted light rays (not shown) and the emitted 
light rays 186 all lie in the same plane shown at 173. The optical centerline 185 
30 also lies in this same plane 173. 
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The curvature of the prismatic element of the SLLS is partially 
responsible for its unique appearance. As the radius of curvature of the prismatic 
element is increased, the width of the beam of visible light is also increased. 
Conversely, when the radius of curvature is decreased the width of the beam of 
visible light is also decreased. FIG. 13 illustrates what occurs when light rays 
strike a prismatic element which is flat or planar rather than curved. In FIG. 13, 
the planar prismatic element 195 is shown in partial cross section at 193. 
Incident light rays shown generally at 190 strike the prismatic surfaces on the 
planar prismatic element and are reflected and refracted and finally emitted as 
light rays shown generally at 196. As can be seen in the FIG., the emitted light 
rays are emitted across the entire width of the prismatic planar element. Thus to 
an outside observer, the entire width of the plane would be illuminated and there 
would not be a well defined area of intense light as with an SLLS. 

FIG. 14A illustrates a prior art light pipe 200 and its appearance to a pair 
of outside observers. The outside observers are shown at 201 and 203. The 
emitted light rays are generally shown at 202 and 204. Observers 201 and 203 
both observe that the entire width or diameter of the light pipe 200 is illuminated. 
The appearance of this prior art light pipe is similar to a neon or flourescent light 
with diffuse light being emitted from the entire diameter of the light. 

FIG. 14B illustrates an SLLS 205 according to the present invention. As 
in FIG. 14A, there are two observers 206, 208. The emitted light rays from the 
SLLS are shown at 207 and 209 and the corresponding visible lines of light are 
shown at 211 and 210. As shown in FIG. 14B, observer 206 would only see 
illuminated line of light 211 which is directed perpendicular to the tangent in his 
direction. Observer 208 would see a different illuminated line of light shown as 
210 and he would not be able to see the line of light 211 that observer 206 sees. 
Observer 206 would only see light rays shown generally at 207 forming 
illuminated line of light 211. Observer 208 would only be able to see light rays 
209 and the corresponding formed line of light 210. Thus, in summary, an 
observer of an SLLS will only be able to see the light rays that are directed 
towards them along a plane that is perpendicular to the tangent to the surface of 
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the SLLS which is nearest to them. The light visible to each observer is similar 
to a laser light projected into a partially reflective medium, such as smoke. 

FIGS. 15A, 15B, and 15C show three different relative luminous intensity 
versus spatial radiation patterns for three different light sources. As previously 
mentioned, the light distribution pattern of a light source has a pronounced effect 
on the appearance of an SLLS. 

In practice, the cone of light emitted from a light source can be described 
in many different ways but the most useful method to characterize the light 
source and its corresponding light cone angle is by measuring its light output 
versus angular displacement. This information is usually available for LED type 
light sources directly from the manufacturer. This information is typically 
presented in a graphical format of relative luminous intensity versus spatial 
distribution (angular displacement). Three of these types of curves are shown in 
FIGS. 15A, 15B, and 15C. The curves in FIG. 15A, 15B, and 15C are for 
LED's (light emitting diodes) but could also be for any type of light source, 
combined reflector or lens focusing system. The curves in FIGS. 15A, 15B, and 
15C illustrate the variety of spatial distribution curves possible. In order to 
construct an SLLS with a very sharply defined laser beam appearance, a light 
source with a spatial distribution curve as shown in FIG. 15 A could be utilized. 
When this light source is combined with the appropriately sized cylindrical 
prismatic element, a very sharply defined laser beam appearance will be 
obtained. Extremely small SLLS may be constructed with a light source which 
acts as a point source such as an LED or laser diode. For uniform appearance 
and light output from the SLLS, the light source and its corresponding optical 
centerline should be located on the prismatic elements optical centerline. 

According to an alternative embodiment of the invention, the light source 
may be located off of the optical centerline of the prismatic element, however, 
uniform intensity around the SLLS will suffer. The light source may also be 
located outside of the prismatic element. For uniform intensity an external light 
source located outside of the prismatic element should be a ring of light 
positioned around the prismatic element. 
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When a light source with the spatial light distribution curve shown in 
FIG. 15A is utilized with a prismatic element with a 70 degree included angle 
between its faces, an outer diameter of 0.200 inches, and a length of 6 inches, it 
would emit light with the appearance of that shown in FIG. 16D at 238. The 
5 width of the beam of the emitted light, is approximately 0.030 inches. Prismatic 
element 228 shown in FIG. 16D also incorporates a retroreflective end portion 
232 which adds to the intensity of the emitted light rays at the end of the 
prismatic element opposite the light source. 

FIG. 15A illustrates a light source which has a very narrow and well 
10 defined cone angle. A light source with this type of light distribution profile is 
especially useful in the present invention. Line 215 on the graph of FIG. 15A 
characterizes the spatial light emission of the light source. This particular graph 
depicts a light source with 50 percent of its intensity at a 7 degree cone half 
angle. In other words, the point where the light output diminishes to 50 percent 
15 of its relative intensity, corresponds to a cone half angle of 7 degrees. Thus, the 
light cone angle as shown in FIG. 3 at 37, is two times this or 15 degrees. This 
light cone half angle is defined as the angle from the optical centerline where the 
relative light intensity drops to 50% of its highest value. 

FIG. 15B also illustrates another relative luminous intensity versus cone 
20 angle for another light source. In this particular graph, there is seen a 

characteristic dip in the curve, centered about the optical axis centerline. This 
dip in the curve is shown at 218. A light source with a light output curve such as 
this can be obtained with an LED or the combination of a light source and 
reflector. For example, if a light source is located at a point other than the focal 
25 point of a parabolic or elliptical reflector, a light distribution curve such as the 
one in FIG. 15B can be obtained. Using a light source such as this, with 
diminished light output along the centerline of the optical axis of the prismatic 
tube, will diminish the amount of light that is able to be transmitted towards the 
end of the prismatic element. As can be appreciated, if this reduction in light 
30 output along the axis of the tube is taken to an extreme, then any type of 

retroreflective feature at the end of the prismatic tube would not be useful. FIG. 
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15B illustrates a light source with a relative luminous intensity that decreases to 
50 percent at a light cone angle of 2 times 20 or 40 degrees. Thus, for example, 
if a light source with an angular displacement curve such as that shown in FIG. 
15B is utilized for an SLLS, the appearance of the light emitted from the 
prismatic element would be similar to that illustrated in FIG. 16A, the light pipe 
shown generally at 225. The light emitted from prismatic element 225 is shown 
in the shaded area at 235 and can be seen to be very broad at the base which 
corresponds to the location of the light source, (not shown). 

In FIG. 15C a light source is shown with a 50 percent relative luminous 
output over a cone angle of 125 degrees. A light source such as this in 
combination with a prismatic element of the present invention would result in a 
very broad beam of visible light located at the end of the SLLS adjacent to the 
light source. This would also be a very short visible beam. As explained earlier, 
a very sharply defined intense simulated laser beam appearance is best obtained 
with a light source with a narrow light cone angle. Thus, a light source with a 
light distribution curve such as the one illustrated in FIG. 15C would not give 
good results. In order to achieve the SLLS effect, a light source with the light 
output characteristics similar to that of FIG. 15A should be utilized. 

Shown in FIG. 16 are four different configurations of SLLS. The first 
three configurations FIGS. 16 A, 16B, and 16C utilize the same type of prismatic 
element but utilize light sources with different light cone angles. The prismatic 
elements for all three of these configurations are identified at 225. The visible 
light produced from the three different SLLS assemblies is identified at 235, 236, 
and 237. The length of the visible light is identified with the letter "T" and the 
diameter of the prismatic element is identified with the letter "D". The SLLS 
shown in FIG. 16A utilizes a light source with the largest light cone angle. This 
large light cone angle results in a wide area of visible light that is short in length. 
The visible emitted light shown at 236, in FIG. 16B, is longer because the 
transmitted light of this particular SLLS has a more narrow light cone angle for a 
given light output, thus, it has a longer visible length. Shown in FIG. 16C, at 
237 is yet again a longer visible light area with a narrower base. Shown in FIG. 
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16D is an SLLS which consists of a prismatic element 228 similar to the ones 
utilized in the SLLS assemblies of FIGS. 16A, 16B and 16C but it is longer in 
length and also contains a retroreflective element 232. As can be seen in FIG. 
16D, the visible light area 238 is the longest of all of the SLLS shown in FIGS.. 
This long length of visible emitted light is achieved by utilizing the light source 
used in FIG. 16C and incorporating retroreflective element 232. Thus, the entire 
length L of the prismatic element is illuminated to width E. 

There are endless possible configurations of SLLS incorporating one or 
more light sources or a single light source with one or more prismatic elements 
with or without reflective end features. FIGS. 17, 18, 19, and 20 illustrate 
several of the many different configurations that are possible. As can be 
appreciated these are only a few of the possible configurations and do not limit 
the possible configurations. 

Shown in FIG. 17A is an SLLS 240 consisting of a single light source 
15 241 and a prismatic element 242. Prismatic element 242 is shown as a rod like 
structure with external helical prismatic surfaces. Shown in FIG. 17B is an 
SLLS 245 similar to that shown in 17 A, with a light source 243, prismatic 
element 246 and retroreflective end portion 244. 

Shown in FIG. 17C is an SLLS 247 consisting of two light sources 248, 
20 249 and a prismatic element 250. The light sources 248, 249 in this particular 
embodiment can emit the same wavelength of light, in other words, the same 
color, or the two light sources 248 and 249 can emit light of differing colors. 
When the light sources are of differing colors, then the colors will actually blend 
along the length of the SLLS. This will result in two different colors of emitted 
25 light at each end of the SLLS and a blend of these two colors along the length of 
the SLLS. However, the light of a particular color would be most intense at the 
end adjacent to the light source. For example, the colored^light emitted from 249 
and redirected by prismatic element 250 would be most intense adjacent to light 
source 249. An example of the mixing of the colored light is, if light source 248 
30 is red and light source 249 is blue, the mixed color in the middle of the prismatic 
element would be purple. 
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In FIG. 18 A, an SLLS 260 includes a light source 261, tubular prismatic 
element 264, and optional reflective surface 262. Reflective surface 262 can 
consist of a material such as plastic covered with a reflective metallic coating to 
act as a mirror. Thus reflective surface 262 acts as a retroreflective surface 
which redirects light rays back towards the light 
source 261. 

Shown in FIG. 18B is another embodiment of an SLLS 265. As in FIG. 
18 A, the prismatic element 268 is a tubular type element with a hollow core. 
The light source 266 is located at one end of the prismatic element with a 
retroreflective end feature 267 located at the opposite end. Retroreflective end 
feature 267 consists of a conical end surface which utilizes the principal of total 
internal reflection in order to reflect light rays back towards the light source. 
Using this principal it is possible to obtain a more uniform emitted light from the 
end of the SLLS opposite the light source. 

Shown in FIG. 18C is yet again another embodiment of an SLLS 270 
including a light source 271 and a tapered prismatic tubular element 274. The 
purpose of this tapered prismatic element is to obtain a more uniform light along 
the SLLS length. By utilizing a tapered prismatic element 274 it is possible to 
capture a higher concentration of light at the end of the SLLS, opposite the light 
source 271. 

Shown in FIG. 18D is another alternate embodiment of SLLS 275 
including light sources 276, 277. As previously discussed with respect to FIG. 
17C, these light sources 276, 277 can be of either the same wavelength and color 
or differing wavelength and differing color. 

Shown in FIG. 19A is a top view of an SLLS 280 including a prismatic 
element array illuminated by a single light source. This light source is not shown 
in FIG. 19 A. The individual prismatic elements are shown at 281, 282, 283 and 
284. A reflector assembly with reflective faces is shown generally at 285. This 
reflector assembly directs the light from a single light source to all of the 
prismatic element in the array. Two of the reflective surfaces are shown at 288 
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and 289. Surfaces 288 and 289 utilize the principal of total internal reflection to 
create their reflective behavior. 

Shown in FIG. 19B is a partial cross section of the SLLS array shown in 
FIG. 19 A. The light source 286 emits light rays 278 and 279 and reflective faces 

5 288 and 289 direct light rays 278 and 279 so that they strike prismatic elements 
282 and 284. Light ray 279 reflects off reflective surface 288 into prismatic 
element 284. Additionally, light ray 278, emitted from light source 286, reflects 
off surface 289 and is directed into prismatic element 282. As shown in this 
FIG. the light source itself need not be on the optical centerline of the prismatic 

10 element. 

A unique characteristic of an SLLS is the ability of the visible light to be 
viewed with equal intensity from all angles. In other words the appearance of the 
intense line of light is visible at all positions around the SLLS. This unique 
property can be exploited in any type of lighted display. One such type of k 
15 display which can utilize this property is shown in FIG. 20A. FIG. 20A shows 
an array of SLLS elements arranged as an alphanumeric display. The array is 
generally shown in FIG. 20A at 290. A typical SLLS used in the construction of 
the array is shown at 295. A display such as this would not suffer from poor 
visibility at off axis viewing angles, as is the case with liquid crystal displays and 
20 discrete LED displays. 

Shown in FIG. 20B is another embodiment of an alphanumeric display 
297 composed of several SLLS. This alpha-numeric display array is constructed 
using prismatic elements fabricated in a different manner than that of FIG. 20A. 
Instead of the individual prismatic elements as shown in FIG. 20 A the prismatic 
25 element array of FIG. 20B utilizes prismatic elements molded in a planar sheet of 
material. One of these prismatic elements of top sheet 299 is shown at 301 . An 
integral light source for prismatic area 301 is shown at 302. The top surface 
sheet is shown at 299 with the bottom surface sheet shown at 300. Light source 
302 may be sandwiched between the two prismatic sheets of material 299 and 
30 300 thus completing the SLLS array. These sheets may be injection or blow 

molded with the prismatic surfaces integral to the sheet. As can be appreciated, 
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these sheets can be injection molded with the prismatic surfaces on the inside or 
outside surface but the prismatic surfaces are more easily protected from dirt and 
abrasion if they are on the inside surface of the sheet. The light sources and 
associated wiring can be incorporated between the sheets with cavities created 
therein for the light sources. Top sheet 299 and bottom sheet 300 may be joined 
together using conventional methods and the alphanumeric display completed. 
As previously mentioned the viewing angle is very large, almost 180 degrees. 

FIG. 21A illustrates a cross section of a prismatic element 310 having 
prismatic faces located on the outside of the element and is a rod like structure. 
Shown in FIG. 21B is the prismatic element 310 of FIG. 21 A with an optional 
covering shown at 316. This optional covering has a different index of refraction 
from that of the underlying prismatic element of FIG. 21 A for the purposes 
maintaining the prismatic characteristics. The index of refraction of 316 need 
only be different than that of the prismatic element shown in FIG. 21 A. It can be 
of an index of refraction that is greater or less than that used in element 310. 
The purpose of this optional covering 316 is to protect the prismatic element 310 
from dirt, debris and foreign objects. Because of the small nature of the 
prismatic surfaces, they are easily damaged when they are located on the outside 
surface of the prismatic element as shown in FIG. 21 A. When a prismatic 
element is covered with optional optical covering, this presents a smooth surface 
to the outside environment which is easily cleaned and protects the small delicate 
features of the prismatic element. 

FIG. 21C is yet again another embodiment of a prismatic element 325. 
The prismatic element 325 shown in FIG. 21C contains a tapered inner core 
shown at 328. Prismatic element 325 is shown with outer prismatic surfaces 
similar to that shown in FIGS. 21A and is covered with an optional covering 
316, such as that as shown in FIG. 21B. This particular construction is unique in 
that a tapered inner core 328 is able to assist in transmitting light down to the far 
end of the prismatic element, opposite the light source (not shown). This effect 
is illustrated in FIG. 22. 
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FIG. 22 shows a cross section of a prismatic element 330 with a tapered 
inner core 340. The tapered inner core 340 has a different index of refraction 
than that of the outer prismatic portion 330. The tapered inner core can either 
have a higher or a lower index of refraction depending on the optical 
characteristic desired. Also shown in FIG. 22 is light source 331 shown emitting 
a single light ray 332. Light ray 332 is split into a reflected ray 333 and a 
refracted ray 334. Refracted ray 334 is emitted as ray 335. Reflected ray 333 
continues down the length of the tapered core 340 and with each successive 
reflection, its angle with respect to the normal of the inner surface of the inner 
core becomes closer to the normal. With each successive reflection the amount 
of reflected light versus refracted light decreases. In other words, as light ray 
332 reflects down the tapered core of the prismatic element, the incident angle 
with respect to the normal becomes more normal and a greater portion of this 
reflective light is transmitted out the sides of the prismatic element. For 
example, light ray 332 is split into refractive ray 334 and reflective ray 333. 
Reflected ray 333 continues down the tapered core and at each point a portion of 
it reflects and a portion of it refracts off the tapered inner core. A typical 
refracted ray is shown at 337 with corresponding emitted ray 338. As seen in 
FIG. 22, with each successive reflection, the light rays traveling down the 
tapered core become closer to the normal of the surface of the tapered prismatic 
core. The light rays shown in area 341, are essentially perpendicular to the 
surface of the tapered core. 

Shown in FIGS. 23 A and 23B is a manufacturing method for making a 
prismatic element with internal prismatic surfaces. A hollow tubular prismatic 
element is actually a prismatic inner core composed of air surrounded by a outer 
layer of another material with differing index of refraction. For example, air has 
an index of refraction of 1.00 and a transparent plastic such as 
polymethylmethacrylate has an index of refraction of 1.40. Thus, the inner core 
has an index of refraction which is much less than the index of refraction of the 
outer layer. A basically equivalent prismatic element may be constructed using 
an inner core material with an index of refraction which is less than the outer 
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layer as in the previously mentioned air core prismatic element. An example of 
this would be, an inner core composed of polytetrafluoroethylene with an index 
of refraction of 1 .30 and an outer layer of polyurethane with an index of 
refraction of 1 .66. This type of composite prismatic element is shown in FIG. 
23B. A prismatic tubular element can be made by having a inner core material 
that has an index of refraction that is lower than the surrounding tube. For 
example, as shown in FIG. 23 A is a transparent prismatic core 35 having the 
angled prismatic surfaces of the desired prismatic element. This core is inserted 
into an injection molding machine and then additional material 351 is injection 
molded around the core, resulting in a composite assembly as shown in FIG. 
23B. Injection molding core 350 becomes part of the prismatic element 
assembly. The composite tube assembly is shown generally at 352. As 
mentioned previously, a hollow prismatic tube acts as a solid prismatic core with 
an outer covering with a greater index of refraction. The index of refraction of 
the outer covering 351 can be either greater or lesser than that of the inner core 
material 350, depending on the included angle of prismatic surfaces and the 
optical effect desired. 

FIGS. 24 A and 24B illustrate another manufacturing method for 
fabricating a prismatic element with internal prismatic surfaces. FIG. 24 A is a 
cross section of a mold 360 with inner prismatic molding surfaces for molding 
the prismatic elements on an outer surface of the tube 361. Shown at 361 is an 
extruded tube or rod which enters the mold. The mold has a mold top half 362 
and a mold bottom half 363. This mold is heated and the extruded tube 361 or 
rod made of transparent plastic material is inserted into the mold. When mold 
halves 362 and 363 are closed on rod or tube 361, prismatic surfaces' are created 
in the rod or tube and this is shown generally at 365. In the case of a tube, the 
' molding process would be blow molding. In the case of a rod, it would be 
simple compression molding. This can be done on a continuous basis by heating 
and clamping the mold shut and opening the mold, transferring the material out 
of the mold and continuing. 
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Shown in FIG. 24B is a convoluted tube shown at 371 manufactured using 
the process shown in FIG. 24A and covered with optional covering 372. As 
previously mentioned, with external prismatic surfaces it may be desirable to 
have a outer covering or jacket covering the prismatic surfaces in order to protect 
5 them. Also as previously mentioned, the index refraction of this covering can be 
greater or lesser than the material of the inner prismatic surfaces. The 
convoluted tube 371 has air shown at 366 as the material on the inside of the 
tube. The convoluted tube 371 has internal and external prismatic surfaces. 

FIGS. 25A, 25B and 25C illustrate a manufacturing method for forming 
10 an elastomeric prismatic element. Shown in FIG. 25 A is an elastomeric 

transparent optical element 380 which has been molded inside out. The prismatic 
surfaces are initially on the outside of the tubular prismatic element 380. FIG. 
25B shows this element being to be turned inside out. FIG. 25C shows 
completion of the inversion of the elastomeric prismatic element 380 to form a 
15 tubular prismatic element 382 having prismatic surfaces which were originally 
manufactured on the outside of the prismatic element and are now inside of the 
element. Thus, high volume manufacturing methods which are utilized for 
injection molding prismatic surfaces on the outside of an element, may actually 
be used to create a prismatic element which has the prismatic surfaces ultimately 
20 on the inside. 

In FIGS. 26A, 26B, and 26C another manufacturing method for an 
elastomeric prismatic element is shown. FIG. 26A shows an inner core pin 391 
and an elastomeric element 390 injection molded around the core pin. In order to 
remove the elastomeric prismatic element 390 from the core pin air pressure is 
25 inserted into the hollow core pin a first end 394. The air is able to exit the core 
pin at a second end 395. By increasing the air pressure within the core pin 391 
the prismatic element 390 is actually inflated, enlarging its inside diameter, thus 
it is able to be slipped off core pin 391 as shown in FIG. 26C. 

Another method for manufacturing a prismatic element with internal 
30 prismatic surfaces is shown in FIG. 27A. FIG. 27A shows a partial cross section 
of a prismatic element which is constructed using injection molding with a 
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tapered core pin. The core pin for injection molding is specially designed using a 
multistart helical type thread form which defines the prismatic surfaces. By 
utilizing a multistart helical thread, it is possible to injection mold the prismatic 
element around this threaded core pin and by unscrewing the core pin a few 
number of revolutions, remove the core pin. Prismatic surfaces due to their very 
fine spacing would normally require up to a hundred or more successive 
revolutions of a core pin to remove it from the prismatic element. By utilizing a 
multistart tapered helical core pin, it is possible to injection mold a prismatic 
element on this type of core pin and rotate the core pin, one, two or three turns 
and remove the core pin entirely. This is only possible by utilizing a multistart 
thread and the tapered prismatic surface. Despite the fact the actual helix angle 
of the prismatic surfaces is great, the pitch is very small because of the multistart 
aspect of the prismatic surface. Using this injection molding method can be very 
useful when constructing a fairly large prismatic hollow element. These large 
elements can then be telescoped together into successive sections to make a large 
prismatic element as shown in FIG. 27B. 

FIG. 28 shows an application for the present invention in which a toy 
spacecraft 450 utilizes SLLS elements 451 and 452 to simulate laser firing 
weapons. As shown in FIG. 28, both the radially emitted light 456 and axially 
emitted light 454 are utilized for this toy. 

Another alternative embodiment of the invention involves the use of an 
LED with an integral prismatic element. Conventional LEDs include a die or 
light emitting semiconductor material, such as a PN junction semiconductor 
diode, a lead frame where the die is placed, and encapsulation epoxy which 
surrounds and protects the die. According to this embodiment, the encapsulation 
material is formed as a prismatic element to reflect and redirect the light from the 
die. This encapsulation material may be formed with exterior prismatic surfaces 
as in the rod type SLLS described above. 

The SLLS is designed to provide a radially emitted light that is emitted 
perpendicular to a tangent to the surface of a prismatic element. Both reflection 
and refraction is utilized in order to efficiently achieve this orientation of 
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transmitted light. In addition the two opposing prismatic surfaces of the SLLS 
act in unison with each other to each transmit light in a common plane. Because 
the prismatic surfaces of the SLLS are positioned opposite each other, around a 
common longitudinal axis, they are able to simultaneously reflect and refract 
light in a common plane. By utilizing this feature, the light reflected off the 
opposite inside surface of the prismatic element can be efficiendy transmitted 
through the opposing surface of the prismatic element. By utilizing the reflected 
light in this manner the entire surface of the prismatic element may be utilized for 
light reflection, refraction and transmission. By utilizing all of the available 
surface area of the prismatic element in this manner a very wide viewing angle 
can be obtained. In addition due the emitted light originating from several 
different surfaces, the appearance of the line of radially emitted visible light is 
continuous and without any dark areas where no light is visible. In order to 
achieve the most laser like appearance of the emitted light, the prismatic surfaces 
should be very small and located very close together. In other words (referring 
to FIGS. 4 and 5 ) the pitch, P should be very small. For ease of manufacture 
the prismatic surfaces may be manufactured with a helix angle similar to a 
threaded fastener. In this case the helix angle should be small or otherwise the 
orientation of the visible light beam will be off axis. This off axis effect can be 
utilized to increase the width of the visible light beam if a retroreflective end 
feature or second light source is positioned at the opposite end of the prismatic 
element. In this case because the light from the two light sources is in opposite 
directions to the helically inclined prismatic surfaces, the emitted light due to 
each light source is offset on opposite sides of the central axis of the prismatic 
element. These two offset visible beams of light appear as a single wider beam if 
the helix angle is not too severe. 

The typical size of the prismatic surfaces are (again referring to FIGS. 4 

and 5); 



Pitch, P 
Height, H 
Angle, A 



.015 inches, 



.010 inches, 



( .36 mm ) 
( .26 mm ) 



70 degrees 
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As can be appreciated the small size of the prismatic surfaces makes them very 
delicate and are easily damaged. If a rugged or dirty operating environment is 
anticipated the prismatic element should be constructed with the prismatic 
surfaces on the inside rather than the outside surface of the element. The 
prismatic surfaces may be initially be formed on the outside surface and then 
subsequently covered with a protective layer of differing index of refraction 
material with equal results. With a smooth outer surface the prismatic element is 
more rugged and easily cleaned. Small prismatic elements may be readily 
injection molded by any the previously mentioned methods. Large prismatic 
elements lend themselves to manufacturing methods which produce thin hollow 
tubular prismatic elements. 

Modifications and variations of the present invention will be apparent to 
those having ordinary skill in the art having read the above teachings, and the 
present invention is thus limited only by the spirit and scope of the following 
claims. 
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IN THE CLAIMS: 

1. A simulated laser light system comprising: 

a light source which emits substantially parallel light rays; and 
a prismatic element having a plurality of prismatic surfaces and a 
centerline, said prismatic surfaces defining a curved surface, said prismatic 
surfaces being on the inside or the outside of the prismatic element, the prismatic 
surfaces redirecting the light rays to be emitted from the prismatic element in a 
plurality of panes which are perpendicular to a tangent to said curved surface and 
extend through the centerline. 

2. The simulated laser light system as in Claim 1, wherein the prismatic 
element comprises a tube, said prismatic surfaces being located on the inside of 
said tube and said light rays being axially projected by the light source along the 
centerline of said tube. 

3. The simulated laser light system as in Claim 1, wherein the prismatic 
element comprises a cylindrical rod, the prismatic surfaces being located on the 
outside of said rod and said light rays being projected by the light source along a 
centerline of said rod. 

4. The simulated laser light system as in Claim 3, wherein the prismatic 
surfaces are protected by a protective coating around the cylindrical rod. 

5. The simulated laser light system as in Claim 1, wherein said prismatic 
element comprises a cylindrical rod and concentrically mounted tube, said rod 
having prismatic surfaces on the outside of said rod and said tube having 
prismatic surfaces on the inside of said tube, said prismatic surfaces of said rod 
and tube being complimentary to each other and in contact with each other. 
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6. The simulated laser light system as in Claim 1, wherein said light source 
is a light emitting diode. 

7. The simulated laser light system as in Claim 1 , wherein said light source 
is a laser diode. 

8. The simulated laser light system as in Claim 1, wherein said light source 
is a laser. 

9. The simulated laser light system as in Claim 1, wherein said light source 
is an electrical arc light. 

10. The simulated laser light system as in Claim 1, wherein said light source 
is an incandescent light. 

11. The simulated laser light system as in Claim 1, wherein the prismatic 
element is an elongated element and the light source is positioned at one end of 
the element. 

12. The simulated laser light system as in Claim 11, wherein a second light 
source is positioned at a second end of the elongated element. 

13. The simulated laser light system as in Claim 1, wherein a plurality of 

prismatic elements are arranged in an array as an alphanumeric display. 

■» - 

14. The simulated laser light system as in Claim 1, wherein the prismatic 
element is an elongated tapered member. 

15. The simulated laser light system as in Claim 1 , wherein the light emitted 
from the prismatic element in a plurality of planes appears to an observer to be 
emitted from the center line of the prismatic element regardless of the observer's 
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location. 



16. The simulated laser light system as in Claim 15, wherein a diameter of the 
observed light is less than an outside diameter of the prismatic element. 

17. The simulated laser light system as in Claim 1, wherein the prismatic 
element acts as a filter to extract non-parallel light rays. 

18. A method of manufacturing a prismatic element comprising the steps of: 
providing a core of optically transparent material having an index of 

refraction, the core having a plurality of prismatic surfaces; and 

molding an optically transparent material having an index of refraction 
different than the material of said core over said core. 

19. A method of manufacturing a prismatic element comprising the steps of: 
extruding a rod of optically transparent material; and 

compression molding prismatic surfaces on the outer surface of said 
element. 

20. A method of manufacturing a prismatic element comprising the steps of: 
extruding a tube of optically transparent material; 

blow molding said tube radially outwardly into contact with a mold to 
form prismatic features on the outside of said tube; and 

extruding an optically transparent material over said tube. 

21. A method of manufacturing a prismatic element comprising the steps of: 
molding a tube of elastomeric optically transparent material with prismatic 

surfaces on the outside of said tube; and 
turning said tube inside out. 



-33 - 



WO 98/53348 PCT/US98/09897 



22. A method of manufacturing a prismatic element comprising the steps of: 
providing a core having prismatic surfaces on the exterior of said core; 
molding a tube of elastomeric optically transparent material over said 

core; 

inflating said core to radially expand said tube; and 
removing said radially expanded tube from said core. 

23. A method of manufacturing a prismatic element comprising the steps of: 
providing a tapered core pin having prismatic surfaces on the exterior of 

said pin, said prismatic surfaces defining a multistart thread; 

molding a tube of optically transparent material over said pin; and 
rotating said pin with respect to the tube to remove said pin from said 

tube. 

24. A toy comprising: 

a toy body; 

a light source mounted on the toy body; and 
an elongated prismatic element having a plurality of curved 
prismatic surfaces, the prismatic element redirecting light from the light source in 
a plurality of planes which intersect at a centerline of the prismatic element 
causing the light emitted from the prismatic element to appear to an observer to 
be emitted from approximately the centerline of the prismatic element. 

25. An optical light pipe comprising: 

a cylindrical prismatic element having an outer diameter; 

a light source directing light into the cylindrical prismatic element; 

a plurality of prismatic surfaces on the prismatic element for 
reflecting and refracting the light emitted by the light source substantially radially 
from the prismatic element to create an observed beam of radial light with a 



-34- 



WO 98/53348 



PCT/US98/09897 



diameter which is smaller than the outer diameter of the prismatic element when 
the prismatic element is viewed at any position 360 degrees around the light pipe. 

26. The optical light pipe as in Claim 25, wherein the diameter of the 
observed beam is less than on half of the outer diameter of the prismatic element. 

27. The optical light pipe as in Claim 25, wherein the light source emits light 
of substantially the same wavelength to give the appearance of a colored laser 
light beam. 

28. The optical light pipe as in Claim 25, wherein the prismatic element also 
emits an axial beam of light which appears to the observer to be substantially 
parallel to and extend from the observed beam of radial light. 

29. An optical element comprising: 

a semiconductor diode; 

a cylindrical prismatic element encapsulating the semiconductor 
diode, the prismatic element having an outer diameter; 

a plurality of prismatic surfaces on the prismatic element for 
reflecting and redirecting light emitted by the semiconductor diode substantially 
radially from the prismatic element to create an observed beam of light with a 
diameter which is smaller than the outer diameter of the prismatic element when 
the prismatic element is viewed from a side. 
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